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(54) FIELD-EFFECT TRANSISTOR 

(57)Abstract 

PURPOSE: To set a field-effect transistor equal to or higher than 
amorphous silicon in mobility by a method wherein a channel section 
is formed of organic semiconductor material, and a gate insulating 
layer is formed of insulating polymer having cyano groups. 
CONSTITUTION: A gate electrode 22 and a gate insulating layer 23 
which includes insulating polymer having cyano groups are 
successively formed on a substrate 21, and a source electrode 24 
and a drain electrode 25 are formed thereon. An organic 
semiconductor layer 26 is provided so as to bridge a gap between 
the source electrode 24 and the drain electrode coming into contact 
with the gate insulating layer 23. At this point, a metal electrode, an 
ITO electrode or a high-doped conductive polymer electrode is used 
as the gate electrode 22. Polyacrylonitrile or cyanoethyl purlan is 
mainly used as polymer having cyano groups. The above organic 
semiconductor is formed of dimethyl- sexithyophene, 
quartathyophene, and lead phthalocyanine. 
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[0 114] Hewl e t t-Packard 

<0aN)|fls7^^-^7^-7'f-tf— 41 45B. Ke i t 
hley 2 3 6V— * ■ ^i?-V— ^--y VilZfUif? 
V^;MBBQBKe i t h 1 ey 6 1 7$nyj>t;i 

[0115] sfc, ®mm& Qmmb7>i>x$(n 

®d&m& P U-f >m«EI. €:#A.STSBCD «fcl) 
y- hmEf' Vc lei: O^bfeTSE© OR 2) £0:^ 
5i? *Sdtd^#-5„ 
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[0 116] 
OKI] 

| D = C.W/Ll(V c -V T )V u -V„>/2l 

[0 117] 

[mi 

6Io/4V c =pC.V„W/L 

[0118] I^Ttf l£&Kl& Co fcUW£jB3ti£ 0 © 
y-hSg*. W«?"**;HB. Ltt?"+*JWI, Vote 
y-h«E, V. KtFUOWBk Vt «b*<,Htt«ET? 

[0 119] y^?JVt^->5 L t7i>m, 

[0 12 0] £©££, 5 L V^;i^SL = 2. 4cmTf 
-V^;HgW=0. OlcmOfc®, Sfcta^ir^I^SL 
= 0 . 6 c mT?5 1 -V^l4§W= 0 . 0 2c m©^©© 2 

[0121] z:nz<Dnmh%:h7>i?x?(DW}mm 

05 (a) ~ (c) JC^To =§-*©^ir* 
[0 12 2] £n£>©l2<fc9, ^f-JPtfi'Wi 

[0 12 3] fUT, 05 (a) ©S^^JHz^S'^* 

«EC*f-T S F K >m^©^b*^€ < . *> Vc 
= 0 V t Vc = - 1 1 V Kl&tt-S 1* w >«Sis©^t© 

[0 12 4] igStbT. v'^g L ;Wr^^*7x>T 
2cm 2 /Vs (i^fi1?4cm7Vs) > 
7i>tl. 4X 1 0" 6 cm'/Vs, #a7^D>-7— > 
T? 1 . 3 X 1 0" 4 c m 2 /Vs©£ftflB&*f»S*'lfc. 

[0 12 5] £*L&©tttt. v-U^SKtBLt©^*? 1 

7->©»»fl»^ 1 0" s . 2X10"', 10" 6 c 
m 2 /VsT&-5©K3#UT, l*£iLfc**<. ^»iS© 

[0 12 6] ah<0J:5C. 3jq«fiWC«knfi, 

[0127] sc. tfU7£"jD- HJjwa* aa©* 
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©, #U 7* U o= MJ U V ^ 

[0 12 8] &*5> £©£5Kimff#*h7>> > ;*$'* 
jfifclxT^UfeSfftflRi, t ime of f 1 i g 

h t mz& mfeisiz&wmn-m&z z 

[0 1 2 9] <fct^-5©t3u time of fligh 

7/7 -^©HOMO («lS^£^m^) ^LUMO (Ss*££ 
*HHfeteD ©«e*f«J>5:2pfi*^^TibSd^=^+U7© 
ftfetCMAflTC. HOMOiLUMO©X^;i/=£-Sfc&» 
^•V U 7©«±l^BB«UTI/i5. 

[0130] - ?5\ «ras*h7>^^«esTtt. y 
- • y- M&gtfl - ^*;i^©w$n^©m 

IS »*-h^) «jg-e©WpmsE^j;§t)© 
&©-?, hm • -7- hi&^/f • #^^*©x^ 

[0 13 1] time of flights 

20 Tffi, a*fa3!B£T?*-&7>h7"fe>*ISaS:ffil' s *:a 

«ii^a*h7>^^*sfiic'r*t»i( I af©a 

[0 13 2] znii. 7>h^-fe>Wu ^TaWWKlRiR 

Sri^fc-STKrcabsiiKi, homo-lumoo^ 

)V*r— M^#<> HOMO©Jpfto&*7h^"fe>©HO 
-5 £ tick -5. 

[0133] ci©<k5icmjpa*h9>^^aBSc<fc 

30 Qijfttorz&Wm^ t ime offlightftK 

■m>rd&mm^ mt&zmrtisTtm-znznffifhM 

h5>5>***lififc*Stt* s b©T*0, liMSa^T?** 
[0134] Gfeftfeftl 2 ) £TR #»E©SS 2 ©IBfeKI 

\z-o^t, Mm&&fflzisfc&*>wm : £-t ; z>. 

[0 13 5] 4&ffiM-&** ®UZKt£nZ>tfV79V 

4? [0136] j^ftwirtt. ->7ys^=rr-&^uv-@ 

1 3 £ LTtf 'J 7i7 U D~ h U;k 1 6 t 

[0137] sr. i o o ok<D%mm 
8*. xtf>n— Mx-^r^^s^iw^r-s. 

[0 13 8] ^;*5. ^©i$. HHMbK^dGftS-^^ 
^T#S«Bi©i6^fcJ»4, fffi{M©^^r0tCj;0l^ 
ifeU y-h«B*tOX£rfe*©->'Jr]>ast«l^ 
^ -7n ht©^S^?S«Lfco 
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[0l3 9]&fc, tf'JT^'Jo- h'JJK^H^l 5 
0. 0 00, P o 1 y s c i e n c e#M)<D0. lg 
/m 1 <D*SW\,7JVtofr 9 s 1 0 0 0 

2 0 0 0 r pmf. *>U D>^tlK±l-^tf>^- h 

[0 14 0] ^fcf>3-h«l«7-<^-*^^T^tr> 

coi4i] -t©±K v— Htpw >mn i 

2. 4cm, 3^*)M§W=0. 0 1 cm) „ 

[0142] ^lt, &nm*mmv?t&\~ >-y n> 

Wfo 1 8 £StBlbT^EI^<E>7'y > hSKxKlBJSU 

1mm) *XJJ?*5^jWn?Ba«Ufc. 
[0 14 3] fc*5, SHK^T, #U7 

nh'j;KD^tf>3— MK1 3, S^'Ja^aStRl 8©iB 

[0 144] X. uuTHewlett Packar 
d 4194A impedance/gain ph 
ase ana 1 yz e r?/^/- ^tHSU 4£H 

[0 14 5] ^-¥-*;UH5ZffiB*3SbT7';i'5* 
-fJWY^^UT, ^y^kfe^v^^xW Omg 
£, ^>^x>#S^JSffi^- MfcS 5 c m©SS§i 
T\ 2X1 0"*~4X1 0"'Tor r©E*T"CKSl 
J»U mm 5 0 0 nn€SOf#f^ftI 1 6 T$>-5^" 

[0 14 6] fLT. ftMEMl fcWWBrUTmiWWh 

o, i cm 2 /vs©^o^if)S^e>n7to 
[0147] jess^y -?—$mmt-yi)^> 

[0 14 8] #<J V— JKttfiDlfiMiiO* #'JT-I/ 

[oi4 9] z.<dizs>* zamsmffrtufi* ^uv-m 

l^>T<, mt&W)& J"r*M& 
[0150] 3 ) £TF, &¥£W<Dm 3 CD^JS^J 
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[0 15 1] at^afiWTfli, y7yifJ^J^>^ 
TI^fct>01f, ^^Jl©fmXStS*6*)laS^ 

[0 15 2] ftftftCIt 04O«^(C43^T, S«4 

1 t LT#^g1£, y- HUE 4 2tbTI TOM, 
>7 y g£ t>"3*6*tt# 'J V- 4 3 t L-T £: L-T~>7 y 

x^;u^;i/7>, v— 7ti4 4 , fk >«M4 5 1 
y<? bx^o^m, &mmw-m 4 6 1 lt#s^ * d ->7 

X>^t,^t>CT)T?*-5. 
[0153] MtS4 2 fc&S I TOl#f*77 
(5 0O/D) WUffitb, u©±HCYE 

pl uittfbm sa«y7;uy>cR-s) © 

0. 2g/ml<S7-fcbxHJ;U£>>y?^*;PA7'5 
F £<mmm&tmm&?t l 0 0 0 r pmT-7.tf>a 

[0154] ^br>3-h«P9<^-*ffl^»T^tr> 

<a? [0 15 5] ^-L-T, *©±KV— ^mH4 4, 

[0 15 6] CdT?, y-M§*£, -r>t-^>7.T 
t^fHewlett-Packard 4 194A 

[0 15 7] ^?8R»t7Jl'5JM'JWfT«t> 
T, $Q:7^nv7x >£2~4X 1 0"'To r rEEjj~f 

.54? [0 15 8] CI CIT\ ^ J f^;kBL=2. 4cm^di 
0. 6 cm, 5 Uj r^;M^W=0. OlcmSfcttO. 0 

2 cmtbfe. 

[0 15 9] ^y^;Hri7>-^7x>, 
— ^ — 7 x >lCO 1/iT fcSQ 7 iS' □ ->7- XDM&ii 

[0 16 0] Z. e.ncDS0^ig*«, 07 (a) ~ (c) 
{^•Ti43 OTcfeO. i^y ^-Jkt^ 5&t7 x >T 3 c 
m 2 /Vs, i't-m7i>T?3X10- , cm ! /V 
4i7 s, ^J7^P->7X>T3. 2X10-'cmVVsT36 

[0 16 1] «toT, *^JS^J{3*3^Tfe, v7y*Sr 

[0 16 2] (^6S^J4) OT, ^BJ<Dm4©|ISE^J 
[0 16 3] 2(c*SfiOTTftt. y-MSfi«itUT->7y 
SO [0 16 4] A#MtC«, i>7yS5r# 



21 

T%WM&#V v-Jf 1 3 tbt->7/ ^-)Vf)Vy 
>, #HHP4MfcJB 1 6 t VTzS* =f-)\AL9 istt7 x > 

[oi6 5] zzl-c. ?- Y^mmoyv^mm^mk 
T%rz.®\z, nmn&m\*— yo->'jn>s«i 8±<d 
%mim &vn>fflm ■. 1 0 4. 6 nm) ± 

fc, 2 g/l Oml ®^f»A75 Ht7t ^ 
hV)V£<Dm&MM-£Z®&<Z>CYEPLm& : £l 0 0 0 

*^SLTiS®&® 1 3 t U£u 



(12) 



#^¥8-1 9 116 2 
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[0 16 6] #m&M\Z&^T\Z, CYEPL7.tr>n 

- hsgvsb&m&m 1 3 -> u ^ ymmt<D^mt 
[oi6 7] if$mm\z&^-z-h. nmmhyyiST. 

[0168] pxt<D$mm<m®mv>$im&%:$: 

£CF© (Si) \z$i ttbtz. 
[0 16 9] 

[SI] 





(cmWs) 


* 4 - 9+*7 a 
(CI7l»/Vs) 


J07 ? D •> 7 - > 
(cmVVi) 


SiO, 


10 » 


2x IO-» 


10-s 




2 


1.4X10-* 


1.3X10-* 




3 


3X10* 


3.2xl0-> 


*'J7**o->9«./SO, 


1 






y7/if*7*v//so, 


7xl0» 







[0170] (ifc$fc#J i ) ^ittfcfcraa, ~> u n 

©i^tf^tSUfc. nS->U3>l« (p = 0. 0 1Q 
cm) ±td, Bfeftflt 0P£ 2 7 0 nm) £?gJ«U 
±{Ci7PA OPS 1 5 nm) , & 052 15 0 nm) Sr 

[0 17 1] ddT> ^ J f^kRL = 4 /im, ^ir*;U 
«W=1. 5mmiUy-^iC. = 12nF/c 

[0 17 2] :dv>T% ^v^iStt^Syi'/^y 

I^WHr^yft7i>S:2~4Xl 0" To r r 

[0 17 3] Z.<Dt%. tf-h £©SS§t£ 5 

c mmSi: U MWm 1 0 m g SrfiSte bfc t #©*<ktt 
jg©^liW75K)Pfa5 0 0 nmT^ofc. 

[0 17 4] -d^t:. MWmmzi?*-$3-lrz>?- 

[0 17 5] M*h7>v7^0S^7/- 
[0 17 6] §&7&ni/7—>T'<DMffi£%&>frM9\Z 

^-o^st^ (Si) k^-t j^k^^h* 

J?->5 L *7i>T10"'cm7Vs> ^t-^ft7i 
>1!2X10-'cm ! /Vs, ffi7^o->7^>1?10- f 
c m' /Vs£4£</MiT-&^7c. 

[0 17 7] (,\mM2) ^HJ^CDit^f -5 

fc&lc:, CYEPLckOfcifi^ifcSfm^ (£ = 24-2 
5) «r^--5^>^;^tmTa2 0 5 ^UT. Ta* 



o E /sio 2 fe£W» 6 &-s>y- bj&gt® otjf-M h 
[0178] ?-himmo>irftteffl%.&$m 

OPS 1 0 4. 6 nm) ±tC, * ^JI^-ftM* 2 0 
1. 0nm©jPSK7^y^-t~£9JS!MU ^cD_t(r 

0. lmm, 5 Lj r^;L^SW= 2 4 mm) „ 
[0 17 9] Sfc. Ta.Os/S i Oj^K^mfiffi 
J» iiOOt^I (16. 7nF/cm ! ) te, 

[0 18 0] ^bT, ft^HCtiWtbT 
S-^^^"efimL,^^-7x>(D5a$) ^ 

[0 18 1] nffimh7>zS7.?(D$rt7 *-?<Dm 
5©i, ±B^S£^J«h^T?*-5. ^-©^^01 0{^ 
^ 1"^, Ta»O s /S i 0^-&JK_h©^Ib®J, 1. 8 
X 1 0" s cm'/VsT&D, ->Un>^kl^i:©»^t 

[0 18 2] SffibX^j^-^M^ffi^, ->U 

n >mm±(Dm^tmB(D o . 1 7 e v ?t. 
[0183] z\<D&t>\zMnm&o2>$)vm\M*m 

[0184] z\0m&z^T5zw%tii&mi>rztz. 
50 z\<nmm.v>fa±.\^ ->t jm^r$%m.\stzm. 
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[oi8 5] sfc, is7J&&tt*wm&to^ ft& 

[0 18 6] 

S89308*] £Lh<DJ;ptc:, ^gBfcfc^Tte, m 

[0 18 7] HK, ^^;Wri7v^^-7x>i:7l?U7 
[0 18 8] <fct?T. tfHftsSifrS^^JWiWH^fc. 

[0D5OfK^:BiHj] 

[0 1 ] *mWV>9.ffift%: b 7 >i>*?0Mffim 

[02] «a^tRi«a>^T^w©«aw«areir 

[03] ffe^tI^O«S6^^MO»M«OT^I 

[04] wmt,wm<Dmm-^^mm^mm^mm^ 

[0 5 ] 1 ©III^JC#tt5«ff-a&* h7> 

[06] ^2©SSS£W^t-5m^^b^>v > ^^ 
©#140 

[07] RJ»3CD*SflSWl-*5W*mSKft*h^>^^ 
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©#140 

[08] H»40^taiS«C^t*«5P«I»h5>i?^ 
©#140 

[09] Jtttwiic4sit*«ff-sa*h7>^^®«rtt 

0 

[010] )mm2\z&rt&nmja&b <m 

140 

1 3 

14 v— xmn 

15 fK>H 

16 wmwm 

18 sassy- mi® 

19 isv=i>mm 

2 1 £K 

22 y-hmm 

23 *fegd4B 

2 4 v—xnm 
25 i* w >m® 

^26 mmmtem 

3 3 iSifegt® 
3 4 

3 5 Fl"f>H 

3 6 ^"^^8 

3 7 

4 1 Sffi 

4 2 y- hmm 

4 3 *feid4JI 

4 4 V— 

jv? 4 5 hh >mm 

4 6 




[04] [08] 




# • 
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[05] [06] [09] 
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